OBJECTIVES This study sought to use a novel panoramic mapping system (CARTOFINDER) to detect and characterize drivers in persistent atrial fibrillation (AF).
suggesting that current methods to ablate AF beyond the pulmonary veins (PV) are ineffective (6) there remains great interest in understanding and interrupting the mechanisms sustaining AF.
CARTOFINDER is a novel mapping system that uses the CARTO platform (Biosense Webster, Inc., Baldwin Park, California) as its foundation. It has been developed to map wavefront propagation using multipolar catheters, such as whole-chamber basket catheters, in an open format where location points and electrograms can be scrutinized. Early data using this system have suggested the presence of rotational activity in AF potentially compatible with rotors (7).
This study used the CARTOFINDER system to determine whether there were activation patterns suggestive of localized drivers in AF, in the form of rotational activity or focal activations, which were either stable or recurrent. To distinguish drivers from passive phenomena we hypothesized that they would be unaffected by ablation at remote sites, such as PV isolation, and would bring about a significant response when ablated. recording observers recorded the number of times a potential driver was identified (i.e., the number of times the study definition was met), and the maximum number of cycles during 1 occurrence. For a driver to display temporal periodicity it had to be considered spatially conserved, which we defined as the center of subsequent focal or rotational activations being <1 cm apart.
A potential driver was defined as repetitive patterns of activation that was either focal with radial activation over $2 consecutive wavefronts or rotational activity with $1.5 rotations of 360 (because these definitions have been used by others previously, NCT02113761). We also assessed: 1) the stability of these phenomena in terms of how many cycles were completed with each occurrence;
2) whether they were repetitive during the recording in which they were observed; and 3) how consistently these phenomena were observed over serial recordings with the basket in different positions. Other wavefront properties were defined along similar lines to previous definitions: planar activation was defined as a single broad wavefront with linear activation, whereas disorganized activity was defined as the absence of clear wavefront propagation (3).
Recordings were taken before and after PV isolation to allow comparison of activation patterns. Recordings taken following PV isolation were used to guide ablation at sites identified as potential drivers.
The CL at the driver site was determined manually over the 30-s recording and was the mean interval between atrial complexes on unipolar electrograms recorded on the basket catheter. Where potential drivers were observed both pre-and post-PV isolation, the CL at the driver sites was recorded pre-and post-PV isolation and these measurements were compared.
AF CL was documented pre-PV isolation and monitored following isolation of each PV pair. AF CL was measured over 30 cycles using the PentaRay NAV catheter positioned in the LA appendage (LAA) (9) .
Following PV isolation a 20-min waiting period was observed before ablation of potential drivers was commenced in the LA body. This was to avoid any delayed effect potentially attributable to PV isolation, which might influence AF CL during ablation at the sites of potential drivers.
To monitor the effect of ablation at the possible driver sites as identified on the post-PV isolation maps, the AF CL was again monitored through the PentaRay NAV catheter positioned in the LAA.
Although small changes in CL (usually 5 to 6 ms) have been used previously to determine a response to ablation (10, 11) , it was thought that ablation of a clear driver ought to have a more substantial effect. Honarbakhsh et al.
Ablation at driver sites was delivered with a contact force of 5 to 40 g, with a power of 30 to 40 W.
Ablation at sites with either focal or rotational activation was delivered as discrete focal points, aiming for the center of the focal or rotational activation. There was at least 1 driver with a positive response to ablation meeting the study definition in all patients.
RESPONSE TO ABLATION OF CONFIRMED DRIVERS.
Ablation at 12 of the 22 confirmed driver sites resulted in AF termination (Figures 2A to 2D) , which accounted for 12 of the 19 patients (63.2%; 5 terminated to sinus rhythm and 7 to AT). The 7 ATs (3 cavo-tricuspidisthmus dependent flutter, 2 mitral-isthmus dependent flutter, and 2 roof-dependent flutter) were all successfully ablated with termination to sinus Flow chart that summaries the proportion of drivers that were present on the pre-and post-PV isolation maps and the proportion of these that were of rotational activity and focal activation. AF ¼ atrial fibrillation; PV ¼ pulmonary vein.
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AE 25.4 ms post-PV). There was no great difference
in number of occurrences seen for a driver pre-and post-PV isolation (6.5 AE 2.3 pre-PV vs. 6.9 AE 2.0 post-PV).
RELATIONSHIP OF CONFIRMED DRIVERS TO LVZs.
The drivers were predominantly of rotational activity (n ¼ 14; 63.6%) ( Figures 3A to 3D Table 2 . drivers had a rotational activation pattern and one-third were focal. There were no stable drivers and in particular none were compatible with a stable rotor. Instead, drivers were transient, with most lasting #4 cycles and none completing 6 cycles. These were repetitive during a 30-s recording and indeed were seen on separate recordings with different orientations of the basket catheter.
There was a response to ablation in all patients. Of the 26 drivers targeted, there was a significant effect with ablation of 22 (12 caused termination of AF and marked CL prolongation occurred for the remainder).
The response to ablation may suggest that these drivers participate in the AF process, but further study with long-term outcome data will clarify their importance.
Mechanisms sustaining AF remain controversial.
Another group using similar 64-pole basket catheters has reported the presence of continuous stable rotors STUDY LIMITATIONS. We intentionally used a broad definition of potential drivers so as to maximize sensitivity, but recognize that even this may have missed important phenomena, such as intramural reentry. Where drivers were not identified it is unclear whether this is because drivers were outside the area mapped, were mapped but not detected, or were not present.
To determine the mechanistic significance of potential drivers we necessarily focused on electrophysiological endpoints because there is arguably no other way to verify that a driver has been mapped. Although termination of AF is clear, the importance of CL prolongation is less certain.
Others have used termination of AF or CL Number of times a confirmed AF driver with either rotational (light grey) or focal activity (dark grey) was seen consecutively in a 30-s recording. Abbreviation as in Figure 1 .
Honarbakhsh et al. Randomized controlled studies with long-term follow-up are needed to determine whether targeting these impacts outcomes.
The ideal way to identify drivers also remains to be seen and further comparisons of the findings with the currently available technologies remains desirable.
